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Premature and extremely low birth weight (ELBW) neonates are at high risk of developing multiple
co-morbidities and often require urinary catheterization for various medical indications. Intra-vesical
knotting of bladder catheter is a known but uncommon complication of this procedure. We report a case
of an ELBW baby boy with a knotted bladder catheter requiring surgical retrieval. After an elective
operation for the closure of patent ductus arteriosus, a 4 French urinary catheter was inserted into an
ELBW baby boy for urine output monitoring and left in-situ. Resistance was encountered in attempt to
remove the urinary catheter. Abdominal X Ray conﬁrmed intra-vesical knotting of the tube. Knot
unravelling by interventional radiology was attempted but was unsuccessful. Open extra-peritoneal
bladder exploration was performed for the retrieval of the tightly knotted catheter. A 6 French tran-
surethral Foley catheter was inserted for bladder drainage. Upon removal of the Foley’s catheter on day 5
post op, the baby was able to void spontaneously. With literature review, we postulated the potential risk
factors resulting in this potentially avoidable iatrogenic unusual complication. Recommendations were
suggested to avoid further incidences.
 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Extremely premature and low birthweight (ELBW) neonates are
at high risk of developing multiple co-morbidities, and often
require urinary bladder catheterization in the neonatal intensive
care unit (NICU) for closemonitoring. Due to the small lumen size of
the male urethra, a softer, ﬁner and more ﬂexible tube is often used
for urinary bladder catheterization instead of the standard 6 French
Foley latex urinary catheter. Previous literature has suggested the
mechanism of knotting appears to result from excessive intra-
vesical catheter coiling, and when the bladder decompresses, the
catheter tip migrate through a coil thereby creating a knot [1]. This
unusual complication has been reported in children from newborn
to ten-years old, and it is more commonly seen in male children
because of the longer urethra in boys [2e4]. Arena B et al. [5] have
estimated the incidence of an inserted catheter to spontaneously
knot inside the human body to be 0.2 per 100,000 catheterizations,
they suggested that the lack of standard protocol in the selection of
urinary catheter and relative unawareness of this uncommon
complicationmay contribute to this potentially avoidable iatrogenic.
Inc. This is an open access article ucomplication. Different techniques have been employed in the
removal of the knotted catheter including minimal invasive tech-
nique with laparoscopic instruments [6], unraveling the knot using
guide-wire through the catheter under ﬂuoroscopy [7], endoscopic
retrieval [8] and gentle sustained traction under general anesthesia
[2,5]. We report a case of an ELBW baby boy with a knotted bladder
catheter requiring bladder exploration for retrieval.1. Methods
Baby boy A (twin I) was born at 25 weeks gestations with a
birthweight of 750 g. His Apgar score was 2 at 1st minute, 6 at the
5th minute, 7 at the 10th minute and 8 at the 15th minute. He
was endotracheal intubated at birth and was transferred to the
NICU for close monitoring. He was able to void spontaneously and
has normal renal function. However, he suffered from complica-
tions of extreme prematurity including bilateral high grade
intra-ventricular hemorrhage (left IVH IV, right IVH III) and severe
patent ductus arteriosus. As medical treatment for patent ductus
arteriosus (indocid) was contra-indicated because of his severe
intra-ventricular hemorrhage, an elective surgical ligation of thender the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Abdominal X Ray showing the knotted tube inside the urinary bladder.
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body weight of 860 g (corrected gestational age 29 weeks).
Elective left thoracotomy and surgical ligation of the left arterial
duct was performed under general anesthesia uneventfully in aFig. 2. (a) Extra-peritoneal bladder exploration with retrieval of the kspecialized hospital with cardio-thoracic expertise. On day 0 post op,
the baby developed retention of urine in the NICU, hindering close
monitoring of the input/output balance. Therefore, a 4 French soft
polyurethane tube, initially designed for intravenous catheterization
was inserted to the urinary bladder for catheterization, and itwas left
in-situ for the immediate post op period to facilitate urine output
monitoring. The baby was then transferred back to our hospital for
continual management.
On day 2 post op, when the baby became more hemodynami-
cally stable, it was decided that the urinary catheter was no longer
required. The NICU nurse attempted to remove the catheter by
gentle traction in the ward. However, resistance was encountered
when there was about 8 cm long of urinary catheter remaining
inside the bladder. An abdominal X-ray (Fig. 1) conﬁrmed the
knotting of the urinary catheter inside the bladder. Non-surgical
means of retrieval were initially attempted, including gentle
traction with analgesics and by radiological interventional proce-
dure. In the latter, the radiologist attempted to pass a stiff guide-
wire into the urinary catheter, in the hope of causing the knot to
uncoil and allowing the tube to be removed. Unfortunately, both
maneuvers failed to retrieve the knotted catheter. In order to avoid
potential urethral injury, we abandoned further trans-urethral
manipulation and surgical exploration of the bladder was arranged
on the next day.
2. Results
After general anesthesia, we attempted to insert another urinary
catheter with the aid of a guide-wire (0.018) to inﬂate the bladder
and facilitate extra-peritoneal supra-pubic bladder exploration.
However, it was not successful due to the small calibre of the
urethra. We waited for a while until the urinary bladder became
clinically palpable and then we decided to cut short the retained
knotted bladder catheter to 2 cm distal to meatus, and to push it
proximally completely back into the bladder with the guide-wire.
With a 2.5 cm pfannenstiel skin incision, the bladder was entered
extra-peritoneally in the midline, and the retained knotted bladdernotted tube. (b) The entire length of the retrieved knotted tube.
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Foley catheter was inserted via the urethra before bladder closure,
and its length was adjusted after Foley balloon inﬂation. This trans-
urethral Foley catheter was kept in-situ for ﬁve days post opera-
tively to ensure adequate bladder drainage. The bladder and
muscles were then closed in layers with 4-O PDS and 4-O Vicryl
respectively. Upon removal of the Foley catheter at the NICU, the
baby was able to void uneventfully and there was no immediate
complication.
3. Discussion
Bladder catheterization is a common clinical procedure in the
pediatric population. According to a three-years-study by pediatric
urologists led by Casanova et al., they have received 93 urological
consultation regarding pediatric urethral catheter related issues [9].
Excluding post urological surgical patients, NICU consultations
contributed to 28.3%of the total numberof consultations, and37.9%of
their consultationswere for patients before 36weeks of gestation [9].
However, we must exercise caution when considering bladder
catheterization in neonates, especially in ELBW neonates, when
their underdeveloped sphincters would often allow adequate urine
expression by a simple crede maneuver at the bedside.
In this case, the bladder was catheterized for close monitoring
after surgical ligation of the patent left arterial duct. In extremely
low birthweight neonate, it is often difﬁcult to select the appro-
priate size bladder catheter as the smallest commercially available
Foley catheter is at 6 French, which is often too large for an ELBW
male neonate. And when even a 5 French rigid polyethylene infant
feeding tube is too large for bladder catheterization, sometimes we
have to resort to using unconventional tubings that were initially
not designed for this speciﬁc purpose. These would often come
from tubings that were designed for intra-vascular access, such as
the 4 French polyurethane tube used in our patient, which was
originally designed for neonatal umbilical vein catheterization.
Polyurethane (thermoset resin) has a more elastic property when
compared to the polyethylene (thermoplastic resin) used in infant
feeding tube, it is more “stretchable” and more ﬂexible. Therefore,
we postulated that this unique physical property of the tubing
material may potentially pre-dispose to the unfortunate knotting of
the bladder catheter when an excessive length of the tube was
inserted to a relatively large lumen. However, the trade off for using
a more rigid plastic tubing for bladder catheterization would be an
increased risk of urethral injury and bladder perforation.
In addition, because of the lack of Foley balloon, over-insertion
of the bladder catheter into a small bladder of a neonate can
become a common oversight. Gaisie and Bender [3] suggested that
this complication could potentially be avoided by inserting a
catheter within the bladder short enough to prevent looping and
possible knot formation. Apart from the insertion of excessive
catheter length (greater than 10 cm beyond bladder neck), other
risk factors considered for catheter knotting include catheter
smaller than 10 French and an over-distended bladder [10].
Guidelines established regarding the appropriate insertion catheter
length recommended <2.5 cm in girls and <5 cm in boys in
extremely premature babies with birthweight of <750 g [11].
Another potential solution would be to insert the bladder catheter
just sufﬁciently to yield urine at the bladder neck, and then to
further advance the catheter proximally to another one to 2 cm,
similar to howwewould usually insert the bladder catheter in post
op hypospadias patients.
Having said that, we are aware that when the bladder catheter is
required over a period of time, and when transfer of the neonate
is expected, it is possible that the bladder catheter could be
unintentionally pushed further in proximally, increasing theintra-vesical length of the catheter. Another possible consideration
would be the dwell time of the catheter inside the bladder, affecting
the risk of intra-vesical knotting of the tube.
When this uncommon complication of intra-vesical knotting of
catheter occurs, various techniques have been discussed in the
literature regarding its retrieval. Non-surgical options such as sus-
tained traction onto the retained tube [2,5] and radiological inter-
vention with the use of guide-wire [7] have been described.
However, both maneuvers were unsuccessful in our patient
because of the relatively large and tight knot. Retrieval of the
retained knotted tube via laparoscopic and endoscopic means were
not considered in our case because of the small size of the baby and
the lack of appropriately sized instrument for such maneuvers.
We believe that while the survival of an increasing number of
very low birthweight and critically ill neonates continues to chal-
lenge healthcare professionals, we are responsible to minimize any
potential iatrogenic complication in this vulnerable population.
Therefore, we suggest the following:
a. Review the indication of bladder catheterization in ELBW
neonates.
b. Minimize the dwell time of the catheter if possible. Explore
alternative means to monitor urine output such as weighing the
soiled napkin, or using a cotton wool packed urine bag.
c. Staff education to raise awareness on the importance of
avoiding over-insertion of bladder catheter in ELBW neonates
(<10 cm beyond bladder neck), especially in male babies.
d. Mark tubing at ﬁxed distance interval to indicate length
inserted.
e. Secure the bladder catheter well to prevent inadvertent
advancement of catheter into the bladder, especially in the
absence of an anchoring Foley ballon.
f. Collaborate with the medical device manufacturer to develop
the appropriate size catheter for ELBW neonates in accordance
to its speciﬁc use.
Long term follow up of the patient discussed in our report would
be required to monitor any potential post op bladder dysfunction
and urethral stricture formation in the future.
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